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a  b  s  t  r  a  c  t
Background:  Disinhibition  is apparent  in  users  of many  substances,  including  heavy  drinkers.  Previous
research  has  shown  that  brief  training  to  improve  inhibitory  control  is  associated  with reduced  alcohol
consumption.  We  investigated  whether  a new  form  of inhibitory  training  would  produce  greater  reduc-
tions, relative  to a carefully  designed  control  condition  and a  proven  method  of  reducing  consumption,
the  Brief  Alcohol  Intervention  (BAI).
Methods:  One  hundred  and fourteen  regular  drinkers  were  assigned  randomly  to  one  of  five  training  con-
ditions:  Control  (no  inhibitory  training);  Beer-NoGo  (inhibit  responses  linked  to  task-irrelevant  pictures
of  beer);  Restrained-Stop  (requiring  more  urgent  inhibition  but without  pictures  of beer);  Combined  (a
previously  untested  form  of training  requiring  urgent  inhibition  to  pictures  of beer);  or  BAI.  The  outcome
measures  were  alcohol  consumption  in the  week  before  and  after training,  and  in a  bogus taste  test
administered  immediately  post-training.
Results:  Participation  in the  study,  regardless  of condition,  was associated  with  reductions  in weekly
consumption.  However,  only  the  BAI produced  a  greater  reduction  relative  to  the  Control  condition.  The
training  tasks  were  not  associated  with  reductions  in  taste  test  consumption.
Conclusions:  Although  concerns  about  low  power  limit  confidence,  the  current  study  suggests  that  three
forms  of inhibitory  training  do not  have  a substantial  effect  on drinking  beyond  the  effect  of  simple  assess-
ment,  in  comparison  to  a control  task  which  does  not  promote  impulsive  responding.  Future  research
needs  to establish  a training  protocol  that  produces  greater  reductions  in consumption  not  only relative
t  butto  the effect  of  assessmen
. Introduction
Inhibition is the ability to withhold, stop, or delay an inappro-
riate response (Barkley, 1997; Diamond, 2013); the cessation of
n immediate response allows time for other important psycho-
ogical processes to evaluate the situation, and select and execute
 more appropriate response (Barkley, 1997). Deficits in inhibitory
ontrol feature prominently in new models of the development,
aintenance, and relapse of substance use disorders (e.g., Hester
t al., 2010; Jentsch and Pennington, 2014), and failures of con-
rol are implicated in DSM-5 criteria involving using a substance
ore, or more often, than intended, and consistently failed efforts
o limit use (American Psychiatric Association, 2013). Inhibition
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376-8716/© 2017 Elsevier B.V. All rights reserved. also  relative  to a BAI.
© 2017  Elsevier  B.V.  All  rights  reserved.
deficits have been confirmed experimentally in users of a range of
substances including not only alcohol dependence, but also heavy
drinkers (reviewed in Smith et al., 2014).
If it is accepted that an inhibitory deficit is associated with
undesirable and/or risky behaviours in these disorders, then the
corollary is that training to improve this deficit may  decrease these
behaviours. Several studies have examined whether alcohol con-
sumption in social drinkers can be reduced with training on an
inhibitory task such as the Go/NoGo or Stop-Signal task. In sev-
eral studies using a modified version of the Go/NoGo task (Bowley
et al., 2013; Houben et al., 2011, 2012), the letters P and F, each
50%, were superimposed on images of beer and water. For half
the participants, the beer image was paired with the Go stimu-
lus (requiring a fast button press response, “Beer-Go” condition),
while for the other half, the beer image was paired with the NoGo
stimulus (requiring the response to be withheld, “Beer-NoGo” con-
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nstructions focused on making or withholding responses to the
etter stimuli), consistent pairing of the beer image with response
nhibition should increase inhibitory control over beer stimuli (that
s, should train direct associations between alcohol cues and stop-
ing; Best et al., 2016; Bowditch et al., 2016). Indeed, participants in
he Beer-NoGo condition decreased their consumption of alcohol
n the week after compared to the week before inhibitory train-
ng (Houben et al., 2011, 2012; but see Bowley et al., 2013 for no
ffect). Some studies additionally use a bogus taste test to mea-
ure immediate alcohol consumption (for a review see Jones et al.,
016a). Here, participants are presented with a known amount of
lcohol and asked to consume as much or as little as desired in
rder to rate the drink on several dimensions. The participant is not
ware that the experimenter will later measure the amount of alco-
ol consumed. Training on the Beer-NoGo task is associated with
 trend to reduced alcohol consumption in the taste test (Bowley
t al., 2013; Houben et al., 2011). Inhibitory control training has also
een studied in relation to other health behaviours such as food
hoices; across domains, the effect size for Go/NoGo tasks has been
onfirmed to be medium-sized and robust by two  recent indepen-
ently conducted meta-analytic reviews (Allom et al., 2016: 0.50;
ones et al., 2016b: 0.47).
The Stop-Signal task can also be used to assess inhibition; in
his task, fast choice responses are required to two primary stimuli
e.g., respond with the left or right hand) and the occasional pre-
entation of a stop-signal indicates the participant should interrupt
he button press response (Logan and Cowan, 1984; Logan et al.,
984). In studies linking performance of a Stop-Signal task with
ubsequent alcohol consumption (Jones et al., 2011a,b), partici-
ants were instructed to be especially restrained (i.e., successful
nhibition was emphasized over fast responding) or disinhibited
i.e., fast responding was emphasized over successful inhibition).
fter training, participants in the restrained condition consumed
ess alcohol in the bogus taste test (Jones et al., 2011a,b), but those
tudies did not examine changes in weekly alcohol consumption. A
ifferent variation on the Stop-Signal task was tested by Jones and
ield (2013), in which alcohol-related or neutral pictures served
s the Go stimuli, and, for different conditions, 90% of stop-signals
ccurred on alcohol trials (alcohol restraint condition) or on neu-
ral picture trials (neutral restraint condition). A third group were
nstructed to ignore the stop-signal and respond to all pictures (dis-
nhibited condition). In the bogus taste test, participants in the
lcohol restraint condition drank less beer than the neutral and
isinhibited conditions, which did not differ; weekly consumption
as unaffected. Thus, inhibitory training appears to alter alcohol
onsumption measured both via an immediate taste test, and in
tandard drinks per week before and after the experimental session
although not all studies report reductions in weekly consump-
ion: Bartsch et al., 2016). Recent meta-analyses have estimated the
ffect size for Stop-Signal tasks to be robust, albeit smaller than that
or Go/NoGo tasks (Allom et al., 2016: 0.26; Jones et al., 2016b: 0.23).
wo explanations are possible for the smaller effect: one is that, at
east for the early versions of inhibitory training using the Stop-
ignal task (Jones et al., 2011a,b), the task does not associatively
ink alcohol with inhibition, despite alteration of associations being
 principle of cognitive bias modification (MacLeod and Grafton,
016). Secondly, Jones et al. (2016b) argued that the smaller effect
n the Stop-Signal task is due to the fact that these tasks typically
nvolve about 50% failed inhibitions, and that appetitive cues need
o be reliably paired with successful inhibition in order for inhibitory
raining to reduce alcohol consumption (Jones et al., 2016b).
In the current study, we improve upon the previous research in
hree respects. The first relates to the control conditions to which
he inhibitory training conditions are compared, and how the selec-
ion of the control condition may  alter the results observed. For the
eer-NoGo task, consumption is often compared to the Beer-Goependence 173 (2017) 47–58
task, in which alcohol is paired with response execution (Bowley
et al., 2013; Houben et al., 2011, 2012). It could be argued that
such pairing of alcohol with fast responses may lead to impul-
sive responding and therefore greater alcohol consumption in the
taste test. Thus, for the taste test, it is not clear whether differ-
ences between Beer-NoGo and Beer-Go conditions represent low
consumption in the Beer-NoGo condition, or high consumption in
the Beer-Go condition (or both). Indeed, the interaction between
time and condition for weekly consumption is at least partly due
to an increase in consumption for the Beer-Go condition in Houben
et al. (2011), and a similar, although not significant, pattern was
observed in Houben et al. (2012). Similarly, for Jones et al. (2011b),
performance in the Restrained condition was  compared with the
Disinhibited condition, and thus it is difficult to interpret taste
test differences between the conditions in that study also. In a
subsequent study (Jones et al., 2011a), a Control condition was
included which received the usual Stop-Signal task instructions (to
balance speed and accuracy); results indicated that participants in
the Restrained condition consumed less beer in the taste test than
the Control and Disinhibited conditions, which did not differ. This
is the clearest evidence of inhibitory training producing a reduc-
tion in alcohol consumption, yet the Stop-Signal task even with
standard instructions still requires (and therefore trains) inhibi-
tion. In the current study we  include a Control condition, involving
a task with similar stimuli requiring attention, discrimination, and
a motor response; however, Go stimuli are 25% of trials in the Con-
trol task. This means that the prepotent response (on NoGo trials,
75%) is to do nothing, and only activate a response occasionally.
Thus, the Control task here cannot be said to require inhibition,
but nor would it favour impulsive responding; furthermore, the
task uses neutral (non-alcohol-related) stimuli. However, more
importantly, our Control condition allows us to examine the effect
of assessment alone on alcohol consumption. Known as subject
reactivity, or the Hawthorne effect, changes in a behavior simply
due to observation of that behavior were first described in 1933
(Mayo, 1933); demonstrations of reductions in alcohol consump-
tion due to assessment have been noted since 1974 (Bartsch et al.,
2016; Gallen, 1974; Kypri et al., 2007; McCambridge and Day, 2008;
McCambridge and Kypri, 2011; see Clifford and Maisto, 2000, for
a review). Not only have the Beer-NoGo and Restrained-Stop con-
ditions been improperly compared to conditions which increase
drinking, but the treatment effect of these interventions has so far
been confounded with the assessment effect. Participants in the
Control condition are expected to reduce their drinking in the week
after compared to the week before taking part in the experiment
(due to an effect of assessment); participants in conditions which
perform an inhibitory training task must therefore decrease their
consumption significantly more than those in the Control condi-
tion, in order for the inhibitory task to be considered an effective
intervention.
Secondly, we also consider the effectiveness of inhibitory
training relative to an established method of reducing consump-
tion, namely a Brief Alcohol Intervention (BAI), which consists
of questions about and motivational feedback concerning alcohol
consumption. Meta-analytic reviews confirm BAIs are effective at
reducing consumption (e.g., Bertholet et al., 2005); they are also
effective within the specific target population of this study (i.e.,
university students; Kypri et al., 2009; Samson and Tanner-Smith,
2015). BAIs can easily reach large samples via the internet; although
the inhibitory tasks above could theoretically be delivered online
(Jones et al., 2014), in the studies cited above, participants have
completed the sessions in the laboratory. In order to justify the
extra time and effort associated with laboratory testing, inhibitory
tasks should also be at least as effective as a BAI at reducing alco-
hol consumption. Indeed, Bowley et al. (2013) report that the BAI
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n those conditions both consumed significantly less alcohol than
hose in the Beer-Go condition. In the current study, we  include not
nly a carefully selected Control task but also a BAI condition.
Thirdly, we improve on previous research by more strongly link-
ng alcohol with inhibition in a new version of inhibitory task.
vidence suggests that inhibitory deficits in heavy drinkers are
reater when alcohol-related compared to neutral stimuli are used
e.g., Noël et al., 2007; Weafer and Fillmore, 2012), however, the
tudies using the basic version of the Stop-Signal task (Jones et al.,
011a, 2011b) do not attempt to link alcohol with inhibition, with
articipants discriminating between and responding to neutral let-
ers X and O. The modified version of the Stop-Signal task (Jones
nd Field, 2013) has a stronger link between alcohol and inhi-
ition, with 90% of inhibition trials occurring in the context of
n alcohol image (for the alcohol restraint condition). However,
n all three studies, the stop-signal indicating that inhibition is
equired is not alcohol-related, but rather, a neutral auditory tone.
imilarly, studies using Beer-NoGo tasks have a consistent link
etween alcohol-related images and response inhibition (Bowley
t al., 2013; Houben et al., 2011, 2012); however, since partic-
pants are instructed to respond according to the superimposed
etter stimuli, it could be argued that they do not necessarily pro-
ess the alcohol and water images. Best et al. (2016) have indeed
ecently argued that learning of stimulus-stop associations is most
ffective when images are directly relevant to the task. In the cur-
ent study we test a new modified Stop-Signal task that directly
inks alcohol to the need for inhibition. In our new task, partici-
ants view images of water with the letters P and F superimposed,
nd respond with the left and right hand to those letters. The stop-
ignal was a change in the background image from water to beer.
n this way, we combine the urgent need for inhibition afforded by
he Stop-Signal task with alcohol-related images, and alcohol itself
s the cue for inhibition.
Thus, in the current study we examine alcohol consumption
ssociated with training on one of three inhibitory tasks: not only
he Restrained-Stop and Beer-NoGo tasks as investigated previ-
usly (Bowley et al., 2013; Houben et al., 2011, 2012; Jones et al.,
011a,b), but also a new Combined task where alcohol itself is
he cue for inhibition. We  also include a BAI condition as well
s a carefully designed Control condition to test the efficacy of
nhibitory training against the gold-standard and against non-
pecific means of reducing alcohol consumption. Participants were
andomly assigned to one of these five conditions and completed
wo sessions one week apart in the laboratory; they were assessed
n alcohol consumption in the laboratory (in a taste test adminis-
ered after completing the inhibitory training, control task, or BAI),
nd outside the laboratory (consumption in the week before com-
ared to after completion of the inhibitory training, control task, or
AI). For weekly consumption, we expected that alcohol consump-
ion would reduce between sessions due to non-specific effects (i.e.,
 main effect of time), and additionally we expected that inhibitory
raining and the BAI would produce significantly greater reductions
n consumption compared to the Control condition (i.e., signifi-
ant time by condition interactions), with the largest reductions
bserved in the new Combined task. For taste test consumption,
e expected that inhibitory training and the BAI would be asso-
iated with reduced alcohol consumption relative to Controls (i.e.,
ondition main effects).
. Methods.1. Participants
Participants were 114 adults recruited via advertisements on
ampus and from online research participation websites at the Uni-ependence 173 (2017) 47–58 49
versity of New South Wales and University of Wollongong (site of
testing was  included as a factor in preliminary analyses and not
found to significantly alter the results). Participants were eligible
to participate if they were aged 18–30, liked beer, consumed at least
4 standard drinks in the week prior to testing (1 Australian standard
drink = 10 g alcohol), reported that they were not pregnant, and had
no other contraindications to consuming alcohol (e.g., medical con-
ditions, drug interactions). The recruitment flyers, website, initial
information sheet and consent form stated that the study investi-
gated the relationship between attitudes and preferences for beer,
and reaction time on computer tasks. Participants completed one
session of 60 min  and a second session of 30 min  one week later,
and were reimbursed $25 for their time at the end of the second
session, or received points towards partial course requirements
for first year psychology courses. The experimental protocol was
approved by the University of New South Wales Human Research
Ethics Committee before data collection began.
2.2. Conditions and tasks
Participants were assigned pseudo-randomly to one of five con-
ditions (Control, Beer-NoGo, Restrained-Stop, Combined, or BAI),
indicating which intervention/training task they would complete.
We aimed throughout to balance the age, gender, and time of the
day tested between conditions, since it was expected (and con-
firmed, see Results) that participants would consume less in the
taste test if they completed the session in the morning. Partici-
pants were not aware that they had been assigned to a particular
condition until debriefing. Computerised tasks were delivered via
Presentation software.
2.2.1. Control condition. Participants assigned to the Control
condition completed an oddball task, requiring attention, stim-
ulus discrimination, and a motor response, but not requiring
behavioural inhibition. White capital letters F and P were displayed
for 800 ms  in the centre of a black screen, with stimulus onset asyn-
chrony (SOA) of 1500 ms  mean (range 1200–1800 ms). Participants
were instructed to respond to one letter (the designated Go let-
ter, counterbalanced between participants) by pressing the button
(‘space bar’ on a standard QWERTY keyboard), and not to respond to
the other letter (the designated NoGo letter). One-quarter of trials
were Go trials. Note that in this context NoGo trials are associated
with a ‘do nothing’ response representation, rather than requiring
active inhibition; support for this notion comes from event-related
potential studies showing a lack of inhibitory increases in the N2/P3
complex when the NoGo stimulus is frequent (e.g., Nieuwenhuis
et al., 2003) or otherwise expected (e.g., Randall and Smith, 2011).
Participants completed a practice block of 10 trials (3 Go) with
one index finger, then 2 experimental blocks of 64 trials each with
the same hand, then were asked to use the other index finger for
another practice block of 10 trials and 2 experimental blocks of 64
trials. The starting hand was also counterbalanced between partici-
pants. If participants did not respond within 800 ms  on Go trials, the
Go stimulus was replaced with the words “TOO SLOW” for 500 ms,
and then a black screen until the next trial began.
2.2.2. Beer-NoGo condition. In the Beer-NoGo task, white capital
letters F and P were displayed for 800 ms centrally on top of
images of water or beer, with a black background, and with SOA of
1500 ms  mean (range 1200–1800 ms). Participants were instructed
to respond to one letter (the designated Go letter, counterbal-
anced between participants) by pressing the button (space bar),
and not to respond to the other letter (the designated NoGo letter).
Three-quarters of trials were Go trials; although this is different to
previous research using the Beer-NoGo task (Bowley et al., 2013;
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n which alcohol is paired with inhibition, we wanted to ensure
qual inhibition probability with the Restrained-Stop and Com-
ined tasks at 25%, and that inhibition would be difficult since it
s rarely required. Although the images were irrelevant to the task,
mages of beer were always displayed behind the NoGo letter, and
mages of water were always displayed behind the Go letter. The
ame four images of each were used as in previous studies (Houben
t al., 2011, 2012; Bowley et al., 2013). Participants completed a
ractice block of 10 trials (7 Go) with the index finger of one hand,
hen 2 experimental blocks of 64 trials each with the same hand,
hen were asked to use the other index finger for another prac-
ice block of 10 trials and 2 experimental blocks of 64 trials. The
tarting hand was also counterbalanced between participants. If
articipants did not respond within 800 ms  on Go trials, the Go
timulus was replaced with the words “TOO SLOW” for 500 ms,  and
hen a black screen until the next trial began.
.2.3. Restrained-Stop condition. In the Restrained-Stop task, white
apital letters F and P were displayed for 800 ms  in the centre of a
lack screen with an SOA of 1500 ms  mean (range 1200–1800 ms).
articipants were instructed to respond to one letter with the left
ndex finger on the left button (‘A’ on a standard QWERTY key-
oard), and to the other letter with the right index finger on the
ight button (‘L’), and to stop their response if the letter turned red.
he assignment of letters to the left and right hand was counter-
alanced between participants, and stop-signals were presented
n 25% of trials. Participants first completed a practice block with
0 stimuli to practice responding to the Go letters, followed by a
econd practice block where the stop signal was introduced. The
econd practice block had 32 trials, with 8 stop-signals occurring,
ne for each letter and each delay from 50 ms,  150 ms,  250 ms
nd 350 ms  after the onset of the Go stimulus. Participants then
ompleted a further four experimental blocks of 64 trials each. In
he experimental blocks, the first stop-signal in each block was
elivered at 250 ms  post-Go stimulus, and the delay for the next
top-signal was adjusted based on the inhibition accuracy. If the
articipant successfully inhibited their response, the next stop-
ignal was delivered 50 ms  later; if they were unsuccessful, the next
top-signal was delivered 50 ms  earlier (i.e., the staircase method;
sman et al., 1986). If participants did not respond within 800 ms
or no-stop-signal trials, the Go stimulus was replaced with the
ords “TOO SLOW” for 500 ms,  then a black screen until the next
rial began. Similar restrained instructions were given as per Jones
t al. (2011a,b), with participants instructed that successful inhibi-
ion of responses when the letters turn red was the most important
ask.
.2.4. Combined condition. In the Combined task, white capital let-
ers F and P were displayed for 800 ms  in the centre of a black screen
uperimposed on images of water, with an SOA of 1500 ms  mean
range 1200–1800 ms). Participants were instructed to respond to
ne letter with the left index finger, and to the other letter with the
ight index finger (with keys as above), and to stop their response
f the background image changed to beer. The same four images of
eer and water were used as in the Beer-NoGo condition and by
ouben et al. (2011, 2012) and Bowley et al. (2013). All other task
etails, including the setting of stop-signal delay, were the same as
or the Restrained-Stop task, with the exception that participants
ere instructed that fast responses and accurate inhibition were
qually important, in line with the instructions that are typically
iven with the Stop-Signal task..2.5. Brief alcohol intervention condition. An Australian BAI was
ompleted online, consisting of demographic questions, ques-
ions from the Alcohol Use Disorders Identification Test (AUDIT;
aunders et al., 1993; see below for details), alcohol consump-ependence 173 (2017) 47–58
tion patterns in the previous four weeks, the impact of other
students’ drinking, attitudes to alcohol labelling, and current smok-
ing behaviours. At the completion of the BAI, they were provided
with feedback and interpretation of their AUDIT score, peak blood
alcohol content, money spent on alcohol per year, their drinking in
relation to others of the same age and gender, suggestions on ways
to reduce their drinking, and other information on support services
available to them.
2.3. Measures
2.3.1. Questionnaires. Participants completed a short demographic
questionnaire, the AUDIT (Saunders et al., 1993), the Barratt
Impulsiveness Scale (BIS-11; Patton et al., 1995), and a Timeline
Followback (TLFB) questionnaire (Sobell and Sobell, 1992).
The demographic questionnaire consisted of questions about
age, sex, handedness, confirmation of eligibility criteria, and a ques-
tion concerning thoughts about reducing drinking “Have you been
concerned about your own  drinking levels and considered cutting
down?” with possible answers: No (66% of participants); Yes, but
not in the last year (9%); and Yes, during the last year (25%). These
options were evenly distributed between conditions (2 = 4.133,
df = 8, p = 0.845). Recoded as a Yes (34%) or No (66%) answer, inten-
tion to reduce drinking was  included as a factor in preliminary
analyses but was not found to significantly alter the results. This
question will therefore not be discussed further.
The AUDIT consists of 10 multiple choice questions and assesses
the domains of alcohol consumption, drinking behavior, and
alcohol-related problems. Total scores range from 0 to 40; a total
score of 8 or more indicates hazardous and harmful drinking, while
a score of 20 or more indicates probable dependence (Babor et al.,
2001).
The BIS-11 consists of 30 questions indexing attentional impul-
siveness, motor impulsiveness and non-planning impulsiveness.
Total scores can range between 30 and 120, with an average for
undergraduate students of 63.8, and for substance abusers 69.3
(Patton et al., 1995).
For the TLFB (Sobell and Sobell, 1992), participants were asked
to record the number of standard drinks of beer, table wine, spirits,
and fortified wine they consumed on each of the last several days.
Participants completed this questionnaire twice; at the first session,
they were asked to complete the record regarding the week before
entering the lab, while at the second session the reference period
was the week between experimental sessions. Participants were
asked to reference an Australian standard drinks guide throughout
completion.
2.3.2. Taste test. As a measure of immediate alcohol consumption,
participants completed a bogus taste test of beer and soft drink.
Participants were presented with 330 mL  of orange-flavoured soft
drink and 330 mL  of non-alcoholic beer (0.3% alcohol by volume) in
clear unlabeled plastic cups, and asked to rate their current level of
thirst on a 7-point Likert scale ranging from 1 = Not at all thirsty to
7 = Thirsty, and then “consume as much or as little of each drink”
as they wished in order to rate the beer and soft drink on four
7-point scales (Pleasant-Unpleasant, Flat-Gassy, Bitter-Sweet, and
Tasteless-Strong-tasting). They were informed that they could rate
them in any order, and that they had five minutes to make their rat-
ings, but could stop earlier if they wished. The experimenter then
closed the door to the laboratory and started the timer. After the
experimental session was  complete and the participant had left the
laboratory, the experimenter noted the time taken on the taste test,
and measured the amount of beer and soft drink consumed. Par-
ticipants were not informed that the beer was non-alcoholic, nor
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ave recently published a review of the validity of the taste test for
hese purposes.
.3.3. Awareness probe. At the end of the study, participants com-
leted a written open-ended questionnaire which probed for
wareness of the study’s aims, and whether an expectation of
riving reduced alcohol consumption on the taste test. Only 5.3%
eported that they limited beer consumption on the taste test
ue to an expectation of driving later that day and wanting to
void exceeding the legal blood alcohol concentration limit; these
ere evenly distributed between the conditions (2 = 2.479, df = 4,
 = 0.648), and exclusion of these participants did not alter taste
est results. No participants identified the correct and specific pur-
ose of the Control, Simple-Stop or Restrained-Stop tasks; but 5
articipants in the BAI condition and 1 in the Beer-NoGo condition
orrectly identified the purpose of these tasks. However, exclusion
f the participant in the Beer-NoGo condition did not alter results;
omparisons between those who did and did not identify the pur-
ose of the BAI also were not significantly different. Therefore, the
esults from the awareness probe will not be discussed further.
.3.4. Implicit association task and flanker task. Participants also
ompleted implicit association tasks (IAT; Greenwald et al., 1998)
nd flanker tasks (Eriksen and Eriksen, 1974) to assess changes in
ttitudes to beer and in inhibitory processing as possible mecha-
isms for our interventions. However, these measures showed only
ffects of time and no effects or interactions involving condition,
nd to save space, we present them as Supplementary material
nly.
.4. Procedure
On arrival at the first session (60 min), the experimental proce-
ure was briefly explained (in line with the cover story that the
tudy investigated the relationship between attitudes and pref-
rences for beer, and reaction time on computer tasks) before
articipants gave consent to participate. Participants next com-
leted, in order, a brief demographics questionnaire, the AUDIT, the
IS, and a questionnaire on alcohol consumption over the past week
sing the TLFB as described above. Next participants completed, in
rder, the IAT and flanker tasks, then their assigned intervention
ondition task or the online BAI. Following this, participants again
ompleted, in order, the IAT, the flanker task, and the taste test.
One week later at the second session (30 min), participants com-
leted, in order, the TLFB for alcohol consumption in the week
etween sessions, the IAT, the flanker task, and the awareness probe
uestionnaire. Next, participants were fully debriefed on the real
ims of the study and the purpose of each measure, before a second
onsent to participate was sought. No participant refused consent
fter debriefing. Lastly, participants received their $25 reimburse-
ent or course points along with gender-specific information on
heir alcohol consumption relative to Australian health guidelines
nd relative to others aged 18 years and over, and information about
ow to reduce alcohol consumption.
.5. Data analysis
The total AUDIT and BIS scores were calculated according to
tandard scoring procedures for those questionnaires (Patton et al.,
995; Saunders et al., 1993).
TLFB data was subject to several calculations, to capture subtle
hanges in risky drinking behaviours; for example, two participants
ay  each consume a total of 14 standard drinks per week, but the
iskiness of drinking is greater if those 14 drinks are consumd in a
ingle episode, compared to an average of 2 drinks per day. There-
ore, in addition to the primary measure of total number of standardependence 173 (2017) 47–58 51
drinks consumed per week, we  calculated a number of secondary
measures: number of standard drinks of beer consumed per week
(in case the beer pictures presented in the Beer-NoGo and Com-
bined tasks reduced beer consumption more than other drinks);
number of days on which some alcohol was  consumed per week
(drinking days/week); number of days on which more than four
standard drinks were consumed (binge episodes/week), number of
standard drinks consumed on the heaviest drinking day (maximum
drinks/day); and average number of standard drinks consumed
on days when drinking occurred (average drinks/drinking day).
Australian alcohol consumption guidelines (National Health and
Medical Research Council, 2009) advise against consuming more
than four standard drinks on one occasion, and are identical for
males and females; therefore we set the same binge definitions
for males and females. These measures were calculated for both
sessions, and due to non-normal distributions, log scores were cal-
culated for all measures (base 10, with 1 added to all scores to avoid
taking the log of zero).
Taste test consumption was  analysed both as the total amount
of beer consumed, as well as the amount of beer consumed as a
percentage of total liquid consumed.
For completeness, we also calculated the error rates and reaction
time (RT) for Go and NoGo trials for the Control and Beer-NoGo
conditions, and Go RT and stop-signal reaction time (SSRT; Logan
et al., 1984) for the Restrained-Stop and Combined conditions.
2.6. Statistical analysis
Demographic data on categorical scales were subjected to a chi-
square test. Demographic information on continuous scales, and
scores on the AUDIT and BIS were subjected to separate one-way
ANOVAs with Condition as a between subjects factor. If effects
involving Condition were significant, we examined contrasts on the
Condition factor comparing the Control condition with each other
condition separately using Dunnett’s test.
Weekly alcohol consumption measures (total drinks, beer
drinks, drinking days/week, binge episodes/week, maximum
drinks/day and average drinks/drinking day) were subjected to a
mixed design ANOVA (with within subjects factor Time: baseline
or follow-up, and contrasts on the Condition factor as above).
Taste test consumption variables (absolute amounts of beer and
soft drink consumed, and beer consumed as a percentage of total
fluid consumption) were subjected to planned analyses of covari-
ance with time of testing as a covariate (it was expected from the
outset that participants may drink less beer in the early hours of
the day). Contrasts on the Condition factor were as above.
3. Results
Table 1 displays demographic information and behavioural task
performance for each of the conditions. Participants assigned to
each condition were well-matched on sex ratio (2 = 1.188, df = 4,
p = 0.880; sex was included as a factor in preliminary analyses
but was not found to significantly alter the results), propor-
tion of right-handed participants (2 = 7.972, df = 4, p = 0.093),
time of testing (F(4,109) = 0.474, p = 0.755), age (F(4,109) = 0.202,
p = 0.937), BIS-11 score (F(4,109) = 0.617, p = 0.652) and AUDIT
score (F(4,109) = 1.165, p = 0.330). Participants in the four com-
puterised task conditions performed their tasks as expected, with
few omission errors for the Control and Beer-NoGo tasks, greater
commission errors in the Beer-NoGo task, and SSRT in the normal
healthy adult range (200–250 ms;  Schmajuk et al., 2006) for the
Restrained-Stop and Combined tasks.
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Table 1
Participant demographics and characteristics at the first session, for participants assigned to the Control, Beer-NoGo, Restrained-Stop, Combined and BAI conditions. Values
are  mean (SE).
Control (n = 22) Beer-NoGo (n = 24) Restrained-Stop (n = 22) Combined (n = 22) BAI (n = 24)
Sex ratio (F:M) 9:13 9:15 6:16 9:13 9:15
Right-handedness (%) 77.3 91.7 100.0 95.5 91.7























































































.1. Weekly alcohol consumption
Fig. 1 shows the weekly alcohol consumption measures for
articipants in each condition, and for exploratory purposes, we
lso include in Table 2 the repeated measures effect size (dRM),
efined as the difference between baseline and follow-up scores
ivided by the standard deviation of baseline scores, calculated
eparately for each condition; the effectiveness of one intervention
ondition relative to another is calculated by simple subtraction,
enoted dIGPP (effect size for independent groups, pre-test post-test
esign; Becker, 1988; Morris and DeShon, 2002). Interpretation of
hese effect sizes follows Cohen’s (1992) convention: 0.2 = small,
.5 = medium, 0.8 = large.
For total drinks per week, there was a significant reduction
n consumption from baseline to follow-up (F(1,109) = 8.062,
 = 0.005), but there was no main effect of condition
F(4,109) = 1.010, p = 0.405) or interaction of time and condition
F(4,109) = 0.213, p = 0.931).
Beer standard drinks per week showed a significant reduc-
ion over time (F(1,109) = 10.963, p = 0.001). There was no
ignificant main effect of condition (F(4,109) = 1.232, p = 0.302),
lthough a significant condition x time interaction was  observed
F(4,109) = 3.296, p = 0.014). Specifically, participants in the BAI
ondition reduced their beer consumption more than Controls,
lthough the effect only approached significance (p = 0.064).
Drinking days per week showed no significant effect of time
verall (F(1,109) = 2.396, p = 0.125), and no significant main effect
f condition (F(4,109) = 1.677, p = 0.161). However, the condition x
ime interaction was significant (F(4,109) = 2.553, p = 0.043). Specif-
cally, participants in the BAI condition reduced their number of
rinking days significantly more than Controls (p = 0.024).
Binge episodes per week showed a significant reduction
etween sessions (F(1,109) = 7.722, p = 0.006), but there was no
ignificant main effect of condition (F(4,109) = 0.190, p = 0.943) or
nteraction (F(4,109) = 0.552, p = 0.698).
The maximum number of standard drinks consumed on one
ay decreased significantly between sessions (F(1,109) = 7.938,
 = 0.006), but there was no significant main effect of condition
F(4,109) = 0.809, p = 0.522) and no interaction (F(4,109) = 0.056,
 = 0.994).
Lastly, the average number of drinks consumed on a drinkingay decreased between sessions (F(1,108) = 4.739, p = 0.032), but
here was no significant main effect of condition (F(4,109) = 1.018,





3.2. Taste test consumption
Table 3 shows assorted taste test consumption measures by
condition. There were no significant differences between condi-
tions in the rating of thirst prior to the taste test (F(4,109) = 0.748,
p = 0.562), or in the time taken to finish the taste test (3.3 min;
F(4,109) = 0.105, p = 0.981). There were also no differences in the
ratings of pleasantness of beer (F(4,109) = 1.581, p = 0.185) or soft
drink (F(4,109) = 1.166, p = 0.330).
For the absolute amount of beer consumed, time of testing was a
significant covariate (F(1,108) = 4.658, p = 0.033), such that partici-
pants consumed less beer earlier in the day. However, there were no
differences between conditions in beer consumed (F(4,108) = 1.341,
p = 0.259).
For the absolute amount of soft drink consumed, time of testing
was again a significant covariate (F(1,108) = 9.056, p = 0.003), with
less consumption earlier in the day. However, there were no dif-
ferences between conditions in adjusted means (F(4,108) = 0.425,
p = 0.790).
For the relative amount of beer consumed (beer as a propor-
tion of total fluid consumed), time of testing was not a significant
covariate (F(1,108) = 1.113, p = 0.297), and thus was removed from
the model. A significant difference was observed between condi-
tions (F(4,109) = 2.930, p = 0.024); specifically, participants in the
Combined condition consumed a significantly greater proportion
of beer compared to Controls (p = 0.049).
4. Discussion
We  aimed to test whether training on an established or new ver-
sion of inhibitory task produced significant reductions in alcohol
consumption, after accounting for the effect of simple assess-
ment of drinking. Our primary outcome measures were alcohol
consumption in the week after compared to the week before
the inhibitory training/intervention, and in an immediate post-
intervention bogus taste test.
The sample recruited was appropriate for the research question.
The drinking habits of young adult university students are similar
to the general population of the same age (Reavley et al., 2011),
where risky drinking is prevalent (Australian Institute of Health and
Welfare, 2014), and the AUDIT scores indicate that we obtained a
sample of hazardous and harmful drinkers who  are likely to bene-
fit from reductions in alcohol consumption. Participants in the five
conditions were also similar demographically, and had impulsiv-




















Repeated measures effect sizes (dRM, effect of time within each condition, see text for details), and difference in repeated measures effect sizes between conditions (dIGPP, relative to Controls), with 95% confidence intervals, for
measures of weekly alcohol consumption. Confidence intervals that do not include zero are indicated with bold text.
Control Beer-NoGo Restrained-Stop Combined BAI All participants
















































































































































dRM: Positive effect size represents a reduction in drinking from baseline to follow-up. dIGPP: Positive effect size represents a greater reduction in the test condition relative to Controls.
a N = 23 for the BAI condition, and N = 113 for All Participants, since one participant had zero drinking days in the week after the intervention.
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Fig. 1. Weekly consumption measures for each condition, at baseline and follow-up (means and standard error bars). For ease of interpretation, we present the arithmetic
mean  of raw scores; note, however, that due to non-normal distributions, statistical comparisons were performed on log10-transformed scores plus one, to avoid taking the
log  of zero.
Table 3
Taste test consumption measures for each group. Values are mean (SE).







































































a n = 21 for Control condition. Thirst ratings: 1 = not at all thirsty, 7 = thirsty. Pleasantness ratings: 1 = pleasant, 7 = unpleasant.
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ndergraduates (Patton et al., 1995) and also not different between
onditions.
For weekly consumption, a significant reduction over time
baseline vs. follow-up) was observed across participants for our
rimary measure of total drinks per week, as well as several sec-
ndary measures of consumption. Examination of Table 2 (last
olumn) indicates that the within-subjects effect sizes across all
articipants are in the range 0.21–0.34; that is, participation in this
tudy was associated with a small-medium reduction in various
easures of weekly consumption, regardless of the condition/task
o which the participant was randomly assigned. This is in line
ith many other studies reporting an effect of assessment on alco-
ol consumption (Bartsch et al., 2016; Gallen, 1974; Kypri et al.,
007; McCambridge and Day, 2008; McCambridge and Kypri, 2011;
ee Clifford and Maisto, 2000, for a review). As McCambridge
nd Day (2008) point out, it is not clear whether reductions in
onsumption are due to the assessment questions inciting reflec-
ions about drinking behaviours, and therefore change in those
ehaviours, or whether it is due to the knowledge that consumption
as being monitored generally (a Hawthorne effect; Mayo, 1933;
oethlisberger and Dickson, 1939). Although participants were told
hat the study investigated the relationship between reaction time
nd attitudes and preferences for beer, they were informed at the
eginning of the first session, prior to entry to the study, that there
ould be questions about alcohol consumption, and at the end of
he first session that the second session would involve some of the
ame questions from the first session. It is also unclear how much
f the self-reported reduction in alcohol consumption represents a
eal reduction and how much a bias towards giving socially desir-
ble responses (i.e., lower consumption). It is also possible that
he reduction in drinking is not due specifically to questionnaire
ssessment of alcohol consumption, but rather to other experimen-
al factors which were common across conditions. For example,
uring debriefing, several participants (incorrectly) identified the
AT as an experimental variable to manipulate drinking, specifi-
ally pointing to the link between negative words and images of
eer in that task (see Supplementary material). Although images of
eer were in fact presented equally as often with positive and neg-
tive words, and the order of these pairings was counterbalanced
etween participants, we cannot rule out that the IAT may  have
ad some unintended non-specific effect on alcohol consumption
cross the conditions. Similarly, participants completed the Eriksen
anker task twice in the first session, and practice on that task may
ave primed a more cautious response set for all participants, as per
ones et al. (2011a,b). From a public health perspective, the mech-
nism of this reduction in consumption is unimportant so long as
t is reliable (McCambridge and Day, 2008), and suggests the util-
ty of widespread application of these protocols via the internet or
n primary care settings for lowering alcohol consumption at the
opulation level (McCambridge and Day, 2008).
However, the original question remains whether inhibitory
raining can produce reliable reductions in drinking. In previous
tudies, the control conditions have linked alcohol with speeded
esponse execution (Bowley et al., 2013; Houben et al., 2011, 2012),
uch that the Beer-Go condition has been associated with slightly
ncreased weekly alcohol consumption (Houben et al., 2011, 2012),
r have primed impulsive responding via instructions that speed is
ore important than accuracy (Jones et al., 2011a,b), resulting in
ncreased taste test consumption. Thus, the differences between
onditions observed in previous studies may  have been due to
ncreases in the ‘control’ condition as much as decreases in the
nhibitory training conditions. In the current study, our Control
ask neither required inhibition (responses required on only 25%
f trials, and therefore the dominant response is to do nothing on
oGo trials), nor did it favour impulsive responding or link alcohol
o response execution. Under these conditions, participants in theependence 173 (2017) 47–58 55
Control condition showed small-medium reductions in consump-
tion in line with the non-specific effect discussed above; however,
neither the Beer-NoGo, nor Restrained-Stop, nor Combined task
produced significantly greater reductions in consumption relative
to the Control condition. Since we did not include a Beer-Go or
Disinhibited-Stop condition, we cannot conclusively confirm that
these conditions are associated with a significant increase in con-
sumption relative to Controls. However, from the current results, it
is possible that any apparent reductions associated with inhibitory
tasks reported in previous research were either an artefact of a
poorly chosen comparison condition which increased consump-
tion, or due to an effect of research participation more than a true
intervention effect. More work directly comparing, for example,
Beer-Go, Beer-NoGo and Control conditions may  help to confirm
this speculation.
In contrast to the inhibitory tasks, the BAI condition was success-
ful at reducing the number of standard drinks of beer per week, and
the number of drinking days per week, relative to Controls. The BAI
also had the largest effect size for total drinks per week, although
not significantly greater than the Control condition. This is in line
with numerous prior studies showing that the BAI is effective at
reducing alcohol consumption among heavy drinkers (Bertholet
et al., 2005; Kypri et al., 2009; Samson and Tanner-Smith, 2015).
For the taste test (Jones et al., 2016a), we  expected to find
reductions in consumption for all inhibitory tasks and the BAI rel-
ative to Controls, in line with previous research (Bowley et al.,
2013; Houben et al., 2011; Jones et al., 2011a,b; Jones and Field,
2013). However, contrary to expectations, we  observed no signifi-
cant difference in consumption for participants in the Beer-NoGo,
Restrained-Stop and BAI conditions, and an increase in consump-
tion for the Combined condition, although it is possible that this
was due to an increased liking for the beer, as pleasantness rat-
ings were slightly greater in this group (see Table 3). Unlike the
pre-post measures used for weekly consumption, it is difficult to
estimate the size of the Hawthorne effect for taste test consump-
tion in the Control condition; that is, participants knew they were
participating in a research study, even if they were unaware of the
measures or hypotheses under consideration, and it is impossible to
estimate how much they would have consumed under different cir-
cumstances. However, the similar consumption in the Beer-NoGo
and Restrained-Stop interventions mirrors the results for weekly
consumption in suggesting that the effect of these interventions on
reducing alcohol consumption is small.
Several limitations of the current research are apparent. Firstly,
we matched the probability of inhibitory signals in the Beer-NoGo
task to the probability (25%) in the Restrained-Stop and Combined
task; this was  intended not only to ease comparisons between tasks
but also would make inhibition more difficult than the equiproba-
ble Beer-NoGo tasks previously used (Bowley et al., 2013; Houben
et al., 2011, 2012). However, the consequence of halving the num-
ber of inhibition trials was that it also halved the opportunities for
participants to learn the contingencies between alcohol images and
inhibition. It is possible that this affected the results for the Beer-
NoGo condition, but of course does not explain the failure of the
Restrained-Stop task to produce significant reductions in drinking,
since the Restrained-Stop was a replication of previous research
(Jones et al., 2011a,b).
Secondly, the training conditions differed on the use of alcohol
images; the Beer-NoGo and Combined tasks presented beer images
during training, while the Control and Restrained-Stop tasks did
not. It is possible that exposure to alcohol images increases alcohol
consumption (e.g., by increasing craving; Papachristou et al., 2012),
thereby counteracting any reduction associated with pairing these
images with inhibition. It may  be necessary in future research to
test the effect of simply presenting alcohol images with no asso-
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lcohol consumption, and thereby assist with estimating the spe-
ific effect of pairing alcohol images with inhibition.
Thirdly, inhibitory training is one form of cognitive bias modi-
cation, widely believed to be effective in behaviour modification
tudies (e.g., Clarke et al., 2014; MacLeod and Clarke, 2015; but
ee Cristea et al., 2016; Field et al., 2016; Wiers, 2016 for debate).
owever, a recent meta-analysis (MacLeod and Grafton, 2016) has
hown that a change in bias is critical for achieving a change in
ehaviour. In the current study, we did not specifically test asso-
iations between alcohol cues and stopping behaviour, such as
lowing of Go RT on alcohol catch trials or decreases in commission
rror rate over the course of training (see Jones and Field, 2013).
ecause we did not test for a change in alcohol-stop associations,
t is impossible to know whether the inhibitory training paradigms
uccessfully altered the bias, and therefore whether a change in
ehaviour should be expected.
Fourthly, we have used the term ‘inhibitory training’ here for
onsistency with previous research; however, in the broader learn-
ng literature, ‘training’ typically involves multiple sessions with
rogressing task difficulty and feedback on performance (e.g.,
reen and Bavelier, 2008). In contrast, participants in the present
tudy completed only a single brief session of ICT, which did not
ecome progressively more difficult over time. The aim of this study
as to improve our understanding of the mechanism of action of
CT on short-term drinking behaviour rather than demonstrate its
fficacy as a treatment intervention for alcohol use disorders. Thus,
xperiments such as the present study should be seen as a form of
experimental medicine’ in contrast to randomised controlled tri-
ls (RCTs) that evaluate efficacy of interventions (see Sheeran et al.,
017). We await findings from ongoing RCTs of multiple sessions
f ICT for the reduction of alcohol consumption in heavy drinkers
ho are motivated to cut down (e.g., Jones et al., 2014; van Deursen
t al., 2013).
Lastly, it is possible that our lack of significant interactions
etween condition and time is due to a lack of statistical power
as a result of inadequate sample size) rather than a real null effect.
t was difficult to predict a priori what would be the repeated mea-
ures effect size for the Control condition, since it is novel and had
ot been tested before. In this respect, the study could be con-
idered a preliminary investigation, with an appropriately small
ilot sample size. We  included estimates of the effect sizes for
ll weekly consumption measures in Table 2; while most of the
oint estimates of effect size are only small- to medium-sized, and
ost of the 95% confidence intervals for dRM contain zero (indi-
ating a non-significant effect), many of the confidence intervals
lso have quite large positive upper limits (meaning, for exam-
le, that the true dRM for weekly alcohol consumption could be
s large as 0.5–0.7 for the inhibitory and control tasks, a substantial
nd possibly clinically relevant reduction). The problem is further
ompounded when we consider the size of the confidence inter-
als surrounding dIGPP, which, for total weekly consumption, range
cross conditions from medium negative effects to medium-large
ositive effects (Hoenig and Heisey, 2001). Clearly, replication with
onsiderably larger sample sizes will be required to further explore
nd confirm or reject the null result reported here (Button et al.,
013); the effect sizes reported here will aid researchers to plan
uture studies of inhibitory training more generally. However, we
onsider it necessary to publish studies with null effects as well as
hose with significant effects, in order that the true utility of these
asks can be estimated.
Despite the discouraging lack of a large effect of inhibitory train-
ng, we do not consider that investigation of inhibitory training
s a means to reduce alcohol consumption is a fruitless endeavor
or future investigations. Rather, investigators will need to care-
ully consider the possible sources of any observed alterations in
rinking behavior and ensure that the chosen inhibitory task designependence 173 (2017) 47–58
produces an effect beyond that of simple assessment, and indeed
beyond the gold-standard BAI. In contrast to our hypotheses, the
Combined task did not produce greater reductions than the estab-
lished tasks. Contrary to our intentions that an alcohol image was
the signal for inhibition, it is possible that participants instead initi-
ated the stopping process when the image changed, and not to the
image of alcohol in particular. A selective stop paradigm (e.g., De
Jong et al., 1995) could be used to test this idea, such that a neu-
tral background image (e.g., landscapes) might change to either
an alcohol-related image (in which case the participants were
required to withhold the button press) or a water-related image (in
which case the participants ignore the signal and respond). We  pre-
dict greater reductions would be observed in a group completing
this form of training compared to a Control task, or to the Combined
task as tested here. Similarly, our superposition of the Go/NoGo let-
ter stimuli on water and beer images matches previous research
using the Beer-NoGo task (Houben et al., 2011, 2012; Bowley et al.,
2013), but we see no reason (apart from the desire to study catch
trials as noted above) in future research not to discard the letter
stimuli altogether and instruct participants to respond to water
images and not respond to beer images, again with the goal of more
directly linking alcohol with inhibition. With regard to the other
tasks, in line with recent meta-analyses showing that Go/NoGo
tasks produce stronger effects than Stop-Signal tasks (Allom et al.,
2016; Jones et al., 2016b), our Beer-NoGo task did indeed produce
slightly greater reductions in most measures of consumption than
the Restrained-Stop condition (see Table 2). In light of this, we
suggest that future research focuses on the Beer-NoGo task, and
identifying not only the features of the task that produce large
reductions in consumption, but also the mechanisms behind this
reduction. We  also point out that the Beer-NoGo task was  the most
effective of the inhibitory tasks at reducing the number of beer
drinks per week; we  speculate that this might be due to the specific
pairing of beer with NoGo stimuli. We question whether the Beer-
NoGo task might be more effective with participants who preferred
beer (rather than merely expressing a liking for beer, as here), or
whether a more specific set of images of the participant’s preferred
drink (e.g., beer vs. red wine vs. white wine), or even preferred
brand, might also be more effective at reducing consumption of
specific drinks, than the less personally-relevant generic images of
beer.
In summary, in the current study we examined whether estab-
lished and new versions of inhibitory training produced substantial
reductions in alcohol consumption, beyond the non-specific effect
of simply taking part in alcohol research. However, neither the new
version of inhibitory training, nor previously studied versions, pro-
duced significant reductions in drinking beyond that observed in
the control condition. While our results do not necessarily suggest
that inhibitory training should be abandoned as an intervention
worthy of further research (and regardless, should be interpreted
with caution due to concerns about low power to detect effects of
training), they do highlight the need for consideration of the effects
of simple assessment alone on alcohol consumption. Furthermore,
the search continues for an inhibitory task variant which is more
effective than the well-established Brief Alcohol Intervention.
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